ABSTRACT
INTRODUCTION
The term biofilm was created to describe the sessile form of microbial life, characterized by adhesion of microorganisms to biotic or abiotic surfaces, with consequent production of extracellular polymeric substances (35) . Microbial adhesion and biofilms are of great importance for the food industry and occur on a high variety of food contact surfaces (29) . In food processing industries, surfaces of stainless steel equipment and utensils are recognized as the major microbial adhesion and biofilm formation sites (13) .
Surface-adhered microbial cells contaminate food products during the processing. This ability of transferring microorganisms through contact with food is termed biotransfer potential. Viable microorganisms adhered to surfaces will present a biotransfer potential even if the number of cells present is low or if it varies within a particular area (23, 30) .
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Several microorganisms are capable of participating in the adhesion processes and biofilm formation. In the food industry, these microorganisms can be classified as spoilage and pathogenic. Among the pathogenic microorganisms, L. monocytogenes is one of the most outstanding. This bacterium is an emergent pathogen of ubiquitous distribution in nature, surviving under adverse environmental conditions. Developing in different substrates, it is capable of colonizing biotic and abiotic surfaces (19, 39) . Studies have shown the capacity of L. monocytogenes to persist in the environment for years (28, 43) .
Researches on the presence of L. monocytogenes on the surface of equipment and utensils, report its occurrence in meat and dairy processing industries (11, 15, 27) . According to Chae et al. (10) , the occurrence of foodborne outbreaks as well as sporadic cases caused by this bacterium, can be attributed to its increased ability of surviving in food processing environments through biofilm formation.
Listeriosis is considered an atypical foodborne disease because of its high severity, non enteric nature and long incubation period (26) . Acquired through the ingestion of contaminated food, listeriosis can affect mainly immunocompromised individuals, the elderly, pregnant women and newborns (25) . However, there are records of listeriosis outbreaks, characterized by gastrointestinal symptoms accompanied by fever, involving healthy individuals (7, 18, 31) . Listeriosis manifests as febrile gastroenteritis (37), meningitis, encephalitis, mother-to-fetus infections and septicemia, resulting in death in 25-30% of cases (25) . Thus, the high risk of food contamination by sessile cells of L.
monocytogenes, with consequent infection dissemination
makes it necessary to develop control strategies aimed to delay, reduce, or even eliminate the accumulation of this bacterium on industrial surfaces. According to Oliveira et al. (36) , it has been recognized that a greater understanding of the interaction between microorganisms and food processing surfaces is required to control these problems.
The association of L. monocytogenes to surfaces has been mainly analyzed in the laboratory. However, such studies still need to be standardized, since they are difficult to carry out in situ, in food processing environments (33) . The difficulty found in investigating microbial biofilms in nature and the precarious experimental conditions found in most laboratories led to the development of different experimental models of biofilm formation in vitro (38) . These systems allow the study of biofilms under defined and controlled conditions and are necessary for the execution of reproducible experiments (22) .
This work proposes the use of an experimental model to study biofilm formation by L. monocytogenes ATCC 19117 on AISI 304 (#4) stainless steel surface and biotransfer potential.
MATERIALS AND METHODS

Experiment execution sites
The experiment was carried out at the Federal University 
Biofilm formation experimental model
The experimental model of biofilm formation by L. 
Preparation of the coupons and stainless steel base
In order to initiate the bacterial cell adhesion stage, the coupons and stainless steel base were previously hygienized and sterilized. First they were cleaned with acetone 100%, washed by immersion in alkaline detergent [NaOH 1% (w/v), 
Enumeration of the adhered bacterial cells
Biotransfer potential evaluation
With the aim of determining the number of planktonic 
Determination of the initial adhesion capacity
Initial adhesion capacity was determined in each repetition by dividing the Log CFU cm -2 of the number of cells adhered after 3 hours by the number of cells of the initial inoculum in Log CFU.mL -1 . The result was multiplied by 100 (8, 10) .
RESULTS AND DISCUSSION
L. monocytogenes adhered to the stainless steel surface, presented a count of 4.89 Log CFU.cm -2 after 3 hours of contact ( Table 1 Figure 2A ). However, in some places, the bacterial adherence observed was not so evident ( Figure 2B ). Results referring to the average of three repetitions ± the standard deviation.
Bacterial adhesion capacity occurs as a function of the initial inoculum (time 0) and it is a parameter that evaluates the ability of free cells, originating from a liquid medium, to adhere to solid surfaces, which corresponds to the first stage of biofilm development. Initial adhesion capacity, measured during 3 hours, was 58.75 ± 0.90 % and corresponded to an inoculum of 8.26 ± 0.18 Log CFU.mL -1 (OD 600nm = 0.873 ± 0.04).
The adhesion of bacteria to surfaces occurs in two stages:
reversible followed by irreversible adhesion (32) . During reversible adhesion, bacteria are easily removed by applying minimum force (13) . Irreversible adhesion initiates after 20 minutes to a maximum of 4 hours of contact at 4-20º C (23, 45) and presents serious risks to the food industry, since the removal of irreversibly adhered cells is difficult and requires the application of strong mechanical force or chemical interruption of the adhesion using surfactants, sanifiers or heat (44) . Thus, there is a high probability that the irreversibly adhered cells will remain even after hygienization. This is one of the main reasons for biofilm formation on surfaces in contact with food. This risk is aggravated with respect to L.
monoctogenes, since this study observed that this bacterium has the capacity of rapidly adhering to stainless steel, being able to reach an irreversible stage in a few hours.
Even with the addition of a new culture medium, without inoculum after 48 hours up to 192 hours, the number of surface-adhered bacterial cells remained practically constant (Table 1) . During this period, only bacterial adhesion was observed, i.e., there was no mature biofilm formation. It was observed through SEM that after 144 hours of contact, the distribution of the L. monocytogenes cells adhered to the surface was uniform. However, in some places cellular density
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was found to be still lower ( Figure 2C ) than in others ( Figure   2D ). At this stage, no presence or formation of microcolonies were observed, contrary to the earlier stage (3 hours). This can be explained by the possible variability between the stainless steel coupons regarding bacterial adherence. It was also observed at this stage (144 hours) that, although the number of surface adhered cells was similar to that found after 3 hours of biofilm formation (Table 1) , the result obtained by SEM ( Figures 2C and 2D ) differed completely from that found at 3
hours (Figures 2A and 2B) . Thus, it can be concluded that even with the similarity between the number of cells adhered after 3
and 144 hours (Table 1) L. monocytogenes has the capacity to adhere rapidly to stainless steel surfaces (6, 40) . However, it is not capable of forming thick biofilms made up of several layers (9 to 12 Log CFU.cm -2 ), but rather of adhering to surfaces at levels ranging from 4 to 6 Log CFU.cm monocytogenes. According to the authors, the strains with a greater biofilm formation capacity were those producing the most exopolysaccharides, indicating that the production of extracellular polymers, such as that observed at 240 hours in this study (arrows in the Figure 2E) , is a key factor for L.
monocytogenes biofilm maturation. 
